The deterministic power law logistic model is used to describe density-dependent population growth for cases when ordinary logistic model is found to be insufficient. This paper estimates the parameters of stochastic power law logistic model specifically the Lotka-Volterra model by employing the two-step approach. The Bayesian approach is implemented in the first step of estimating the regression spline parameters. Combining the existing and proposed nonparametric criterion, the structural parameters of SDE are estimated in the second step. Results indicate high percentage of accuracy of the estimated diffusion parameter of Lotka-Volterra model supporting the adequacy of the proposed criterion as an alternative to the classical methods.
INTRODUCTION
Population dynamics studies the changes in population size and age composition, the biological and environmental processes influencing those changes. It also deals with the affect of birth and death rates, immigration and emigration on population. The Malthusian growth model or simple exponential model is amongst the pioneer model used to model population dynamics. This model is refined and adjusted with a more general formulations was later proposed and expanded. One of such model is Power Law Logistic Model.
Power Law Logistic Differential Equation
Power law logistic differential equation used to describe population dynamic has the following form, dN aN bN dt ξ η = − (1) where N is population density, a and b are growth and crowding coefficients respectively, and , , , and 
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where
A general equation of Lotka-Volterra model for interacting n species is described by the ( )
,..., 
Considering only two parameters of SDE replacing b θ A new version of a two-step method is proposed via the minimization of the negative of natural logarithm of approximate probability density function to estimate the drift and the spline parameters of the SDE. The estimated disturbance intensity was then repeatedly improved by a noise estimator. This approach however causes computational burden since it involves the approximation of transitional probability. Furthermore, Bayesian approach with spline implementations have not been considered in parameter estimation of SDE.
MATERIALS AND METHODS
Wide literatures may be found in the implementation of regression spline. The objective of this paper is to estimate SDE parameters, with Bayesian regression spline in the first step for estimating the spline parameters. For the second step, a criterion introduced by Varah (1982) and a our proposed criterion with a non-likelihood based with a spline approach are used to estimate the SDE parameters.
Proposed Methods
Consider a one dimensional Itô SDE given by
where ( , , ) f x t θ is the average drift term, ( , , ) g x t σ is the diffusion term, and ( ) dW t is the Brownian noise. A two-step method with a non-likelihood based approach will be used to estimate the structural parameter of SDE by firstly estimating the parameters of regression spline with Bayesian approach in the first step and next estimate the parameters of the drift and diffusion term in SDE in the second step.
Two-Step Method. The First Step
The general equation of regression splines with truncated power series basis is :
( ) GCV indicates the best fit of ( ) s t .
Two-Step Method. The Second Step
In the second step, we first estimate the parameter of the average drift equation by minimizing 2 1ˆ( , , ) 
The discrete approximation of true solution of SDE using numerical descretization such as Euler or Milstein can be considered here. Here, Milstein numerical approximation is used to estimate the solution of (13) given as,
SDE can be rewritten in a form of difference quotient such as in Taylan 
(RHS is the Milstein scheme). In order to estimate θ and σ they minimize (See Varah (1982) and Brunel (2008) ). Thus, ( , , ) f x t θ can be approximated by ( , , ) . f x t θ Therefore, the approximation of equation (14) ( , , ) .
The 
Application
A sample path is simulated by fixing the parameters with 3 θ = and 0.2
(1 ) 0.2 3 A Two-step method will be used to estimate the parameters of Lotka-Volterra model with a simulated data generated from the sample path shown 1. The optimal knot selection is shown in Table 1 , a linear spline is chosen since it has the smallest GCV value and the single optimal knot is 242.5. Using winbugs software with 6 10 MCMC simulations, the estimated spline parameters are listed in Table 2 , followed by the plot the regression spline of the simulated data in Figure 2 . 
CONCLUSION
The estimation of diffusion parameter of Lotka-Volterra model resulted in satisfactory estimates with high accuracy for simulated data. This indicates the proposed criterion produced good estimate of the diffusion parameter of SDE. However the drift parameter estimation is unsatisfactory with low accuracy using the criterion introduced by Varah which may be due to the solution component of the system is oscillatory in nature and out of phase with each other (Varah, 1982) . As a solution, a spline fit with many knots such as B-spline is possibly more suitable which is not considered in this case study. 
